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1 . 0  I n t r o d u c t i o n  

FROM: W .  L .  A u s t i n  

The ma te r i a l  p r e s e n t e d  i n  t h i s  memorandum was p r e p a r e d  
i n  s u p p o r t  o f  a s t u d y  o f  a "Minimum Apoi lo  A p p l i c a t i o n s  Program'' 
d e s c r i b e d  i n  Refe rence  1. Our t a s k  was t o  d e t e r m i n e  s u i t a b l e  
o r b i t  p a r a m e t e r s  f o r  t h e  Mission Suppor t  Module L a b o r a t o r y  (MSML) 
of t h e  s t u d y  and a scheme f o r  rendezvous  o f  a CM/SM w i t h  t h e  
MSML s u b j e c t  t o  t h e  f o l l o w i n g  c o n s t r a i n t s  : 

(1) The MSML must have a 29-degree i n c l i n a t i o n  and a 6 0 -  
day l i f e t i m e  when a +2a  a t m o s p h e r i c  d e n s i t y  i s  assumed. 

( 2 )  The SM-RCS P r o p e l l a n t  r e q u i r e m e n t s  must n o t  exceed  t h e  
Apol lo  Block I1 t o t a l  o f  1278 pounds.  

( 3 )  Both l aunch  v e h i c l e s  are  S a t u r n  I B ' s .  

( 4 )  There must be a t  l e a s t  one d a i l y  l aunch  o p p o r t u n i t y  
f o r  t h e  CM/SM o v e r  a 5-day p e r i o d  a f t e r  t h e  MSML l a u n c h .  

The r e q u i r e m e n t  t h a t  t h e  SM-RCS consumption n o t  exceed  
t h e  A p o l l o  t a n k  c a p a c i t y  imposes r e s t r i c t i o n s  on b o t h  t h e  r en -  
dezvous and backup d e o r b i t  maneuvers,  which are t h e  two p r i n c i p a l  
demands on t h e  RCS. P r e v i o u s  s t u d i e s  have shown t h a t  t h e  h y b r i d -  
s t a b l e - o r b i t  rendezvous  i s  about t h e  most e f f i c i e n t  i n  terms of 
RCS p r o p e l l a n t  consumption,  but even i f  t h i s  t e c h n i q u e  were u s e d ,  
some 600 pounds w i l l  be  r e q u i r e d  f o r  t h e  rendezvous  phase  o f  t h e  
m i s s i o n ,  l e a v i n g  abou t  600 pounds f o r  backup d e o r b i t .  T h i s  sug- 
g e s t s  f l y i n g  t h e  m i s s i o n  i n  an e l l i p t i c a l  o r b i t  w i t h  backup de- 
o r b i t  e x e c u t e d  a t  apogee only .  However, t h i s  approach  i s  l i m i t e d  
f o r ,  as t h e  e c c e n t r i c i t y  i s  i n c r e a s e d  ( and  t h e  o r b i t  p a r a m e t e r s  
are  a d j u s t e d  t o  h o l d  l i f e t i m e  c o n s t a n t ) ,  t h e  d e o r b i t  r e q u i r e m e n t s  
o f  t h e  pr ime sys t em,  t h e  SPS, i n c r e a s e ,  because  t h e  SPS must be  
c a p a b l e  of s a fe ly  d e o r b i t i n g  t h e  CM/SM from any p o i n t  i n  t h e  o r b i t .  
I n  f a c t  t h e  SPS d e o r b i t  Av f r o m  p e r i g e e  ( w o r s t  c a s e )  i n c r e a s e s  
f a s t e r  t h a n  t h e  RCS backup d e o r b i t  Av from apogee d e c r e a s e s .  Thus,  
as t h e  RCS backup d e o r b i t  requi rement  i s  r educed ,  t h e  t o t a l  CM/SM 
we igh t  i n c r e a s e s .  
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The i n c r e a s e d  SPS p r o p e l l a n t  can e a s i l y  be accommodated 
i n  t h e  a v a i l a b l e  t a n k s  which a r e  v e r y  l a r g e ,  b u t  t h e  net i n c r e a s e  
i n  CM/SM we igh t  poses  a problem, as i t  can exceed  t h e  l aunch  veh i -  
c l e  c a p a b i l i t y  if t h e  o r b i t  e c c e n t r i c i t y  i s  i n c r e a s e d  t o o  f a r .  
The r equ i r emen t  f o r  a CM/SM launch o p p o r t u n i t y  on each  of f i v e  
days a f t e r  MSYL launch  f u r t h e r  m o d i f i e s  t h e  a l l o w a b l e  o r b i t  eccen-  
t r i c i t y  s i n c e  CM/SM i n s e r t i o n  by  a d i r e c t  a s c e n t  launch  i n t o  
p o i n t s  on t h e  o r b i t  o t h e r  t han  p e r i g e e  ( t h e  optimum) will be 
n e c e s s a r y .  

The f o l l o w i n g  s e c t i o n s  p r e s e n t  d e t a i l s  of t h e  a n a l y s i s  
and s e l e c t i o n  o f  o r b i t  pa rame te r s  i n c l u d i n g  c a l c u l a t i o n  of o r b i t  
l i f e t i m e  and d e o r b i t  r equ i r emen t s  , an SM p r o p e l l a n t  budget  , l a u n c h  
v e h i c l e  per formance  and launch window a n a l y s i s .  It s h o u l d  b e  
n o t e d  t h a t  t h i s  i s  a p r e l i m i n a r y  a n a l y s i s  unde r t aken  s o l e l y  t o  
d e m o n s t r a t e  t h e  f e a s i b i l i t y  of t h e  MSML m i s s i o n .  Hence, t r a -  
j e c t o r y  o p t i m i z a t i o n  was n o t  c a r r i e d  beyond t h e  p o i n t  n e c e s s a r y  
t o  accompl i sh  t h e  d e s i r e d  o b j e c t i v e .  

2 .O L i f e t i m e  and Deorb i t  Requirements  

An o r b i t  l i f e t i m e  a n a l y s i s  of t h e  docked CM/SM-MSML 
c o n f i g u r a t i o n  w a s  per formed t o  d e t e r m i n e  wnicn orbits woulCi i i ave  
a l i f e t i m e  of  s i x t y  d a y s  (Refe rence  2 ) .  A +2a a t m o s p h e r i c  d e n s i t y  
was used  i n  t h e  c a l c u l a t i o n s ,  e n s u r i n g  w i t h  h i g h  p r o b a b i l i t y  t h a t  
t h e  a c t u a l  l i f e t i m e  would exceed t h e  c a l c u l a t e d  v a l u e .  A c i r c u l a r  
o r b i t  e s t a b l i s h e d  a t  170 miles  decays  i n  60 d a y s .  The same l i f e -  
t i m e  can b e  had  f o r  an e l l i p t i c a l  o r b i t  w i t h  a lower  p e r i g e e  and 
h i g h e r  apogee .  F i g u r e  1 shows t h e  l o c u s  of  a l l  such  combina t ions  
i n c l u d i n g  f i v e  sample c a s e s  t h a t  were a n a l y z e d  f u r t h e r  and a l s o  
a p p e a r  i n  T a b l e  I .  

Computation o f  t h e  SM-RCS backup d e o r b i t  r e q u i r e m e n t s  
f o r  e a c h  of t h e  f i v e  c a s e s  r e q u i r e s  d e t e r m i n a t i o n  o f  t h e  SPS 
p r o p e l l a n t  r e q u i r e m e n t s  t o  o b t a i n  t h e  p r o p e r  CM/SM i n i t i a l  w e i g h t .  
We have  chosen t o  use  t h e  SPS on ly  f o r  t h e  p r imary  d e o r b i t  maneuver;  
t h i s  p e r m i t s  s e a l i n g  t h e  system a f t e r  f u e l i n g  and p o s s i b l y  i n c r e a s e s  
r e l i a b i l i t y .  It  i s  p o s s i b l e  b e c a u s e ,  as w i l l  b e  shown, t h e  RCS 
p r o p u l s i o n  i s  s u f f i c i e n t  f o r  t h e  n e c e s s a r y  rendezvous  and backup 
d e o r b i t  maneuvers .  The h y b r i d  s t a b l e  o r b i t  t e c h n i q u e  i s  used  f o r  
r endezvous .  T h i s  r e q u i r e s  s e v e r a l  small  bu rns  of  l e s s  t h a n  20 
f t / s e c  i m p u l s e ,  t o o  small  f o r  e f f i c i e n t  use  o f  t h e  SPS e n g i n e .  

The r e e n t r y  t r a j e c t o r y  i s  u s u a l l y  s p e c i f i e d  i n  terms o f  
a c c e p t a b l e  combina t ions  of v e l o c i t y  and f l i g h t  p a t h  a n g l e  a t  
400 ,000  f ee t  (Refe rence  3 ) .  However, f o r  p r e l i m i n a r y  p l a n n i n g  an 
a c c e p t a b l e  approx ima t ion  f o r  l o w - a l t i t u d e  A A P  m i s s i o n s  i s  t o  t a r g e t  
t h e  SPS d e o r b i t  t r a j e c t o r y  f o r  a vacuum p e r i g e e  of  -40  nm and t h e  
RCS backup d e o r b i t  t r a j e c t o r y  f o r  a vacuum p e r i g e e  o f  +3O nm. 
T h i s  method was used  t o  c a l c u l a t e  t h e  d e o r b i t  r e q u i r e m e n t s  d e t a i l e d  
be low.  
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D e o r b i t  f rom p e r i g e e  i s  t h e  most demanding c a s e  f o r  
t h e  SPS and  w i l l  t h e r e f o r e  de t e rmine  t h e  SPS r e q u i r e m e n t  f o r  
t h e  m i s s i o n .  The maximum Av r e q u i r e m e n t s  for t h e  pr ime d e o r b i t  
s y s t e m ,  t h e  SPS, have  been  t a b u l a t e d  i n  T a b l e  1 for t h e  f i v e  
c a s e s  c o n s i d e r e d .  The c o r r e s p o n d i n g  SPS p r o p e l l a n t  q u a n t i t i e s ,  
assuming a CM/SM weigh t  o f  2 5 , 4 4 2  l b s  ( w i t h o u t  SPS p r o p e l l a n t ) ,  
are  a l s o  g i v e n .  S i n c e  t h e  SPS i s  used  on ly  f o r  d e o r b i t ,  t h e  
e n t i r e  SPS budge t  i s  based on t h i s  r e q u i r e m e n t .  

The RCS backup d e o r b i t  r e q u i r e m e n t s  were c a l c u l a t e d  
f o r  an apogee b u r n  t h a t  r e d u c e s  p e r i g e e  h e i g h t  f rom t h e  m i s s i o n  
o r b i t  v a l u e  t o  +30 nm. It was assumed t h a t  t h e  backup s y s t e m  
must d e o r b i t  t h e  CM/SM w i t h  t h e  f u l l  SPS p r o p e l l a n t  l o a d  s t i l l  
a b o a r d .  Thus t h e  c o r r e s p o n d i n g  SPS p r o p e l l a n t  w e i g h t  was i n c l u d e d  
i n  t h e  CM/SM o v e r a l l  we igh t  b e f o r e  t h e  RCS c a l c u l a t i o n s  were made. 

T a b l e  I1 p r e s e n t s  r e s u l t i n g  RCS b u d g e t s  and  t h e  margin  
f o r  e a c h  c a s e  w i t h  r e spec t  t o  t h e  1278 l b  Block  I1 RCS u s a b l e  
p r o p e l l a n t  l i m i t .  Cases  1 and 2 have  n e g a t i v e  p r o p e l l a n t  m a r g i n s ;  
whereas Cases 3 ,  4 ,  and  5 have p r o g r e s s i v e l y  i n c r e a s i n g  p o s i t i v e  
m a r g i n s .  The Case 4 o r b i t ,  130 x 2 4 0  nm, was somewhat a r b i t r a r i l y  
chosen  f o r  t h e  MSML s i m p l y  because  i t  i s  t h e  most c i r c u l a r  o r b i t  
where t h e  p r o p e l l a n t  marg in  i s  g rea t e r  t h a n  50 l b s .  

3 .0  CM/SM P r o p e l l a n t  Budget 

The h y b r i d  s t a b l e  o r b i t  rendezvous  t e c h n i q u e  was chosen  
f o r  r endezvous  b e c a u s e  i t  r e q u i r e s  r e l a t i v e l y  l i t t l e  RCS p r o p e l l a n t .  
F i g u r e  2 a  i l l u s t r a t e s  t h e  r e l a t i v e  mot ion  of  t h e  CM/SM i n  a coor-  
d i n a t e  s y s t e m  c e n t e r e d  a t  and moving w i t h  t h e  MSML. T h i s  i s  a 
c u r v i l i n e a r  c o o r d i n a t e  sys t em;  t h e  v e r t i c a l  a x i s  d e n o t e s  a l t i t u d e  
d i f f e r e n c e ,  t h e  h o r i z o n t a l  a x i s  d e n o t e s  t r u e  anomaly d i f f e r e n c e  
m u l t i p l i e d  b y  a ,  t h e  MSML o r b i t  semi-major a x i s ,  w i t h  t h e  MSML's 
f o r w a r d  d i r e c t i o n  t o  t h e  l e f t .  

The n o m i n a l  rendezvous  sequence  i s  as f o l l o w s :  

(1) The CM/SM i s  i n s e r t e d  b y  t h e  l a u n c h  v e h i c l e  a t  P o i n t  1, 
a b o u t  6 0  nm b e h i n d  t h e  MSML w i t h  z e r o  r e l a t i v e  v e l o c i t y .  

( 2 )  The CM/SM c o a s t s  a t  t h i s  s tab le  p o i n t  f o r  a s u i t a b l e  
t i m e .  

( 3 )  A r e t r o g r a d e  b u r n  of  t h e  RCS a t  P o i n t  2 c r e a t e s  a 
p e r i g e e  he igh t  d i f f e r e n t i a l  o f  s u c h  magn i tude  t h a t  
t h e  n e x t  apogee ,  P o i n t  3 ,  w i l l  o c c u r  2 0  nm b e h i n d  
t h e  MSML. 

( 4 )  The t e r m i n a l  p h a s e  i s  i n i t i a t e d  f rom P o i n t  4 by an 
RCS b u r n ,  c a l l e d  T P I ,  which i s  c a l c u l a t e d  t o  e l i m i n a t e  
t h e  p o s i t i o n  s e p a r a t i o n  e x a c t l y  one o r b i t  l a t e r .  T h i s  
b u r n  w i l l  b e  p o s i g r a d e  i f  t h e  i n i t i a l  s e p a r a t i o n  be- 
tween t h e  MSML and CM/SM i s  g rea t e r  t h a n  40  nm. 
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( 5 )  The t e r m i n a l  phase  o f  rendezvous  i s  completed a t  
P o i n t  5 w i t h  a b r a k i n g  b u r n ,  TPF, which e l i m i n a t e s  
t h e  r e l a t i v e  v e l o c i t y .  

I n s e r t i o n  of  t h e  CM/SM w i l l  be  made as c l o s e  as 
p o s s i b l e  t o  p e r i g e e  of  t h e  MSML f o r  r e a s o n s  of  l aunch  e f f i c i e n c y ,  
b u t  w i t h i n  t h e  l aunch  window l i m i t a t i o n s  e x p l a i n e d  i n  S e c t i o n  4 . 0 .  
P o s i t i o n  and v e l o c i t y  components a t  i n s e r t i o n  w i l l  be i n  e r r o r  
due t o  gu idance  i n a c c u r a c y  and S a t u r n  I B  per formance  d e v i a t i o n s ,  
w i t h  t h e  l a r g e s t  d i s p e r s i o n  expec ted  i n  downrange p o s i t i o n .  The 
60 nm o f f s e t  i n  t h e  i n s e r t i o n  p o s i t i o n  i s  s e l e c t e d  s p e c i f i c a l l y  
t o  accommodate 3a d i s p e r s i o n s  o f  t 4 0  nm i n  t h i s  c o o r d i n a t e  w i t h o u t  
r i s k i n g  i n s e r t i o n  f o r w a r d  o f  t h e  TO nm p o i n t .  

rnl- - 
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t h e  p h a s i n g  maneuver i s  p r o p o r t i o n a l  t o  t h e  d i s t a n c e  t o  b e  made 
up .  Allowing as l a r g e  a range as 4 0  +40  nm i n c u r s  a heavy c o s t .  
T h i s  c o s t  can b e  h a l v e d  i f  two o r b i t s - a r e  used  f o r  p h a s i n g  i n s t e a d  
of  one ,  as i l l u s t r a t e d  i n  F i g u r e  2 b .  Accord ing ly ,  w e  assume 2 
p h a s i n g  o r b i t s  would be used  i f  t h e  i n s e r t i o n  o f f s e t  t u r n s  out  to 
be  grea te r  t h a n  60 nm and 1 o r b i t  i f  i t  i s  l e s s .  The c o a s t  p e r i o d  
( s t e p  2 )  would b e  a d j u s t e d  t o  keep  t h e  t o t a l  rendezvous t i m e  t h e  
c.3-0 In f h 4 c  ,.,.-,TI 4-h- nLnn;..,?... m n - 1  . . v 7  1- *_-  L 1  L A 1 2  41 1--.-. C L - u  

15  f t / s e c .  The c o a s t  p e r i o d  may a l s o  be a d j u s t e d  t o  improve 
ground cove rage  o f  c r i t i c a l  p o r t i o n s  of t h e  f l i g h t  and t o  c o n t r o l  
t h e  t i m e  o f  f i n a l  approach ,  and t h e r e b y ,  t h e  s o l a r  i l l u m i n a t i o n  
of  t h e  t a rge t  v e h i c l e .  

I -..Ab . v I I L ~  W U J ,   VIA^ Y L L U U L ~ L ~  L I I L L I I G U V G L  bail UL I I G I U  I / W  ICOO b i i a i i  

The f i n a l  approach  t r a n s f e r  p a t h  has been  assumed t o  
occupy a f u l l  360° of t r a v e l ,  l i k e  t h e  p h a s i n g  maneuver,  i n  o r d e r  
t o  do  i t  w i t h  t h e  l ea s t  p o s s i b l e  f u e l .  It  remains  t o  b e  s e e n  
whether t h i s  i s  a c c e p t a b l e .  C los ing  speed  and l i n e  of s i g h t  r a t e  
w i l l  have t o  be  t e s t e d  w i t h  man-in-the-loop s i m u l a t i o n s .  Normally,  
a 270° t r a n s f e r  would b e  used ,  b u t  t h e  s u b s t a n t i a l l y  l a r g e r  Av a t  
b o t h  T P I  and TPF make t h i s  u n a t t r a c t i v e  i n  t h i s  minimum per formance  
s t u d y .  

A d e t a i l e d  SM-RCS p r o p e l l a n t  budget  i s  p r e s e n t e d  i n  
T a b l e  I11 and a t i m e l i n e  i s  p r e s e n t e d  i n  Tab le  I V .  S u f f i c i e n t  
p r o p e l l a n t  i s  budge ted  f o r  t h e  p h a s i n g  maneuver f o r  a maximum 
r e q u i r e d  c a t c h u p  r a t e  o f  40 nm p e r  o r b i t .  For a l l  maneuvers 
e x c l u d i n g  backup d e o r b i t ,  t h e  t o t a l  SM-RCS p r o p e l l a n t  r e q u i r e d  
i s  589 l b s .  With backup d e o r b i t  and t h e  g a g i n g  a l lowance  i n c l u d e d ,  
t h e  t o t a l  SM-RCS p r o p e l l a n t  r e q u i r e d  i s  1197 l b s .  Hence t h e  u s e  
o f  t h e  h y b r i d - s t a b l e - o r b i t - r e n d e z v o u s  t e c h n i q u e  w i t h  t h e  MSML i n  
a 130 x 2 4 0  nm o r b i t  r e s u l t s  i n  a u s a b l e  SM-RCS p r o p e l l a n t  margin  
of 8 1  l b s .  
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4 .O Launch V e h i c l e  Performance and Launch Window Analys.12 

The MSML o r b i t  i s  1 3 0  x 2 4 0  nm a t  an i n c l i n a t i o n  of  
29 .O d e g r e e s .  The rendezvous  t e c l n i q u e  chosen i s  th :  h y b r i d -  
s t a b l e  o r b i t ,  w1:ich r e q u i r e s  t h e  CM/SM to b e  i n s e r t e d  into t h e  
same o r b i t  as t h e  MSML. Thus t h e  i n s e r t i o n  a l t i t u d e s  a n J  t r u e  
anomal i e s  o f  t h e  CM/SM cou ld  range from 130  to 2 4 0  nm, anc  3 
to 360 d e g r e e s  r e s p e c t i v e l y .  

The a b i l i t y  o f  t h e  S a t u r n  I B  l aunch  v e h i c l e  t o  i n s e r t  
t h e  unmanned MSML i n t o  t h e  s e l e c t e d  o r b i t ,  130 x 240  nm, w a s  
i n v e s t i g a t e d  u s i n g  t h e  BCMASP s i m u l a t o r  ( R e f e r e n c e  4 ) .  Runs 
were made b o t h  w i t h  and wi thou t  SLA/Nose Cone j e t t i s o n  d u r i n g  
b o o s t .  The r e s u l t s  p l o t t e d  i n  F i g u r e s  3 and 4 show t h a t  t h e  
MSML p a y l o a d  can be  i n s e r t e d  a t  any p o i n t  i n  t h e  d e s i r e d  o r b i t  
r e g a r d l e s s  o f  whe the r  SLA/Nose Cone j e t t i s o n  i s  used .  F i g u r e s  
3 and 4 are asymmet r i ca l  because  when t h e  i n s e r t i o n  t r u e  anomaly 
i s  n e g a t i v e ,  t h e  t a r g e t e d  f l i g h t  p a t h  a n g l e  i s  n e g a t i v e .  T h i s  i s  
a more d i f f i c u l t  c o n d i t i o n  t o  a c h i e v e .  T h i s  w i l l  a l s o  be t r u e  
f o r  t h e  CM/SM. 

The CM/SM launch  v e h i c l e  c a p a b i l i t y  vs  t r u e  anomaly 
i s  p r e s e n t e d  i n  F i g u r e  5 .  For  i n s e r t i o n  t r u e  anomal ies  n e a r  
apogee from -140 t o  +145 d e g r e e s ,  t h e  CM/SM l aunch  v e h i c l e  can- 
n o t  i n s e r t  t h e  r e q u i r e d  minimum pay load  i n t o  o r b i t  by a d i r e c t  
l a u n c h .  T h i s  i s  n o t  a s e r i o u s  l i m i t a t i o n ,  however,  because  
an o r b i t  can b e  e s t a b l i s h e d  at MSML l aunch  t i m e  t h a t  p e r m i t s  CM/SM 
i n s e r t i o n  n e a r  enough t o  p e r i g e e  a t  each  l a u n c h  o p p o r t u n i t y  o v e r  
t h e  n e x t  5 d a y s .  

I t  s h o u l d  be n o t e d  t h a t ,  a mu l t i -bu rn  a s c e n t  w i t h  a 
p a r k i n g  o r b i t  and Hohmann t r a n s f e r  would have  i n c r e a s e d  t h e  pay- 
l o a d  s i g n i f i c a n t l y  and made i t  i n s e n s i t i v e  t o  t h e  r e l a t i v e  p o s i -  
t i o n  o f  t h e  l aunch  pad and p e r i g e e .  However, t h e  SPS e n g i n e  
would have t o  be u s e d ,  c o n f l i c t i n g  w i t h  o u r  d e s i r e  t o  keep t h i s  
s y s t e m  sea led  u n t i l  d e o r b i t .  

The l aunch  window i s  d e f i n e d  as t h e  t i m e  i n t e r v a l  
d u r i n g  which t h e  p l a n e  o f  t h e  t a r g e t  o r b i t  i s  w i t h i n  t h e  p l ane -  
change c a p a b i l i t y  of t h e  CM/SM launch  v e h i c l e .  Launch oppor- 
t u n i t i e s  are  t h e  t imes w i t h i n  t h e  windows t h a t  t h e  p h a s i n g  i s  
c o r r e c t  f o r  l a u n c h .  It  i s  beyond t h e  scope  of t h i s  p r e l i m i n a r y  
a n a l y s i s  t o  d e t e r m i n e  when t h e  l aunch  o p p o r t u n i t i e s  o c c u r  i n  t h e  
l a u n c h  windows. However, w e  a r e  concerned  w i t h  whe the r  or n o t  
an o p p o r t u n i t y  o c c u r s  f o r  every  window. 

The l aunch  p e r i o d  of t h e  CM/SM c o n s i d e r e d  i s  5 d a y s ,  
i n c l u d i n g  t h e  d a y  of MSML launch .  Using t h e  a s sumpt ions  of  a 
CM/SM l a u n c h - v e h i c l e  plane-change c a p a b i l i t y  of 0 . 5  d e g r e e s ,  a 
CM/SM l a u n c h - s i t e  l a t i t u d e  of 2 8 . 5 2 2  d e g r e e s ,  an MSML i n s t a n -  
t a n e o u s  l aunch  az imuth  o f  82 .6  d e g r e e s ,  and t h e  MSML o r b i t  
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p a r a m e t e r s  as i n p u t s  t o  t h e  ''Launch Window D e t e r m i n a t i o n  Program" 
( R e f e r e n c e  5 ) ,  r e s u l t s  i n  launch window l e n g t h s  of  108.37 m i n u t e s  
f o r  Day 0 and 1 2 7 . 6 7  minu tes  for Days 1 t h r u  5 .  

The p e r i o d  of t h e  MSML o r b i t  r e l a t i v e  t o  a r o t a t i n g  
e a r t h  i s  96.89 m i n u t e s .  S i n c e  t h i s  p e r i o d  i s  l e s s  t h a n  b o t h  
CM/SM launch  window s i z e s ,  a t  l eas t  one CM/SM launch  o p p o r t u n i t y  
w i l l  o c c u r  i n  e v e r y  l aunch  window. Thus, o v e r  t h e  5-day p e r i o d  
t h e r e  i s  a minimum o f  s i x  CM/SM l aunch  o p p o r t u n i t i e s .  Da i ly  times 
of t h e  l a u n c h  window opening  and c l o s i n g ,  were g e n e r a t e d  by t h e  
"Launch Window D e t e r m i n a t i o n  Program," and are  p r e s e n t e d  i n  
columns 2 and 3 of  T a b l e  V. T i m e  0 i s  MSML l a u n c h .  

With t h e  l aunch  windows f o r  t h e  CM/SM e s t a b l i s h e d ,  t h e  
f i n a l  parameter wnich must b e  d e t e r m i n e d  i s  t h e  t r u e  anomaly o f  
t h e  MSML i n s e r t i o n  which w i l l  p r o v i d e  a c c e p t a b l e  v a l u e s  o f  C M / S M  
i n s e r t i o n  anomaly o v e r  t h e  5-day l aunch  p e r i o d .  The v a r i a t i o n  
i n  t r u e  anomaly a t  CM/SM i n s e r t i o n  i s  due p r i m a r i l y  t o  t h e  d a i l y  
r o t a t i o n  of t h e  l i n e - o f - a p s i d e s ,  and t h e  mot ion  o f  t h e  C M / S M  
l a u n c h  s i t e  r e l a t i v e  t o  t h e  p l a n e  of t h e  MSML o r b i t  a s  t h e  CM/SM 
l a u n c h  s i t e  passes t h r o u g h  t h e  l aunch  window. The r o t a t i o n  o f  
t h e  l i n e - o f - a p s i d e s  c a u s e s  a change i n  t h e  p o s i t i o n  of  t h e  MSML 
siibpei-fgee p u i r i i  r e i a i i v e  t o  t h e  opening  of t n e  i auncn  winaow. 

If t h e  CM/SM i s  launched  s i m u l t a n e o u s l y  w i t h  t h e  MSML, 
t h e  t a r g e t e d  t r u e  anomaly o f  t h e  CM/SM,  W c ,  i s  e q u a l  t o  t h e  t r u e  

o f  Day 

where : 

by: 

where : 

anomaly, WT, of  t h e  MSML a t  MSML i n s e r t i o n .  W c  f o r  t h e  r e m a i n d e r  

0 i s  approximated  b y :  

w c  = WT + t ( n  C 0 S Q L  - ilC0S@ L + q 
1 2  e 

t2  = t h e  t i m e  i n  t h e  launch  window, 0 t o  108.37 minu tes  
= 0 .25068 deg/min ( r o t a t i o n  r a t e  of  t h e  e a r t h )  
= -0.00504 deg/min ( n o d a l  p r e c e s s i o n  r a t e )  

w = 0 .00814  deg/min ( r o t a t i o n  r a t e  of  t h e  l i n e - o f -  

% 
31 

a p s i d e s )  
= CM/SM l aunch  site l a t i t u d e .  

For  s u c c e e d i n g  days ,  Days 1 t h r u  5, Wc i s  approximated  

Wc = WT + [-4.52 - i t ( K )  + t (Q cos@,., - hlcos@L + ig ( 4 . 2 )  3 e  

K = 1, 2 ,  3, 4, 5 
t ( K )  = t h e  t i m e  o f  launch  window opening  on t h e  K t h  day 

= t h e  t ime  i n  t h e  l aunch  window, 0 -127 .67  m i n u t e s .  
t 3  
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E q u a t i o n s  4 . 1  and 4 . 2  assume t h e  e a s t w a r d  motion of 
t h e  l aunch  s i t e  due t o  e a r t h  r o t a t i o n  i s  s u b s t a n t i a l l y  p a r a l l e l  
t o  t h e  o r b i t  p l a n e .  S i n c e  t h e  l a t i t u d e  i s  n e a r l y  e q u a l  t o  t h e  
i n c l i n a t i o n  and t h e  l a u n c h  s i t e  remains  w i t h i n  + . 5  d e g r e e s  of 
t h e  p l a n e  o v e r  t h e  p e r i o d  of i n t e r e s t ,  t h i s  i s  a p r e t t y  good 
a p p r o x i m a t i o n .  

E q u a t i o n s  4 . 1  and 4 . 2  d i f f e r  because  on Day 0 t h e  
l a u n c h  window b e g i n s  w i t h  t h e  MSML launch  which i s  e q u i v a l e n t  t o  
t h e  f i r s t  c o p l a n a r  c r o s s i n g  on s u c c e e d i n g  d a y s .  See F i g u r e  6 .  
The  second t e r m  i n  E q u a t i o n  4 .2  i s  t h e  c e n t r a l  a n g l e ,  measured 
i n  t h e  p l a n e  of t h e  MSML, o r b i t ,  from t h e  opening  of  t h e  l aunch  
window t o  t h e  f i r s t  c o p l a n a r  c r o s s i n g .  The t h i r d  term a c c o u n t s  
for t h e  change i n  c e n t r a l  a n g l e  o f  t h e  s u b p e r i g e e  p o i n t  between 
1hiii-icl-i window openings  . 

I n  T a b l e  V s p e c i f i c  l aunch  window l i m i t s  a re  l i s t e d  
for each  day a l o n g  w i t h  t h e  range  of i n s e r t i o n  anomaly t h a t  would 
b e  r e q u i r e d  of  t h e  CM/SM. If t h e  MSML i s  i n s e r t e d  a t  p e r i g e e ,  
WT = 0 ,  t h e  CM/SM i n s e r t i o n  v a r i e s  from 26.76O a t  t h e  c l o s e  of 

Day 0 window t o  -61.81O a t  t h e  opening  of t h e  Day 5 window. A s  
can  be s e e n  from F i g u r e  5 .  t h i s  r ange  i s  e n t i r e l y  a c c e ? t , a h l P -  
A d d i t i o n a l  pay load  margin  can be a s s u r e d ,  however,  by i n s e r t i n g  
t h e  MSML at  WT = +18". 
t h e  CM/SM i n s e r t i o n  would remain w i t h i n  - + 4 4 O  t r u e  anomaly. 

5.0 Summary 

A s  shown i n  t h e  f i n a l  column of Table  V ,  

An MSML o r b i t  and CM/SM rendezvous  t e c h n i q u e  were 
found  which m e t  t h e  c o n s t r a i n t s  se t  f o r t h  i n  t h e  "Minimum AAP" 
s t u d y .  The MSML o r b i t  s e l e c t e d  i s  130 x 240 nm, which has an 
SM-RCS backup d e o r b i t  r equ i r emen t  of 540 l b s .  U t i l i z i n g  t h e  
h y b r i d - s t a b l e - o r b i t - r e n d e z v o u s  t e c h n i q u e ,  t h e  o t h e r  SM-RCS pro-  
p e l l a n t  r e q u i r e m e n t s  a re  589 l b s .  The t o t a l  SM-RCS p r o p e l l a n t  
r e q u i r e m e n t s ,  i n c l u d i n g  gag ing  are  1197 l b s  which r e s u l t s  i n  a 
p o s i t i v e  margin  of 8 1  l b s .  

A t  l eas t  one CM/SM launch  o p p o r t u n i t y  p e r  day o v e r  
t h e  5-day l a u n c h  p e r i o d  is  g u a r a n t e e d  by i n s e r t i n g  t h e  MSML a t  
a t r u e  anomaly of +18 d e g r e e s .  Hence, w i t h i n  t h e  p r e s c r i b e d  
c o n s t r a i n t s  t h e  b a s i c  f e a s i b i l i t y  of t h e  MSML m i s s i o n  has been  
e s t a b l i s h e d .  
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